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which is switchable between a transparent state anj a m.rror-like 
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The invention relates to a transflective display device comprising an electro- 
opncal material between a first transparent substrate and a second transparent substrate, with 
an illumination device on the side of the second substrate. 

Such display devices, notably liquid crystal display devices, find an 
increasingly wider application in, for example, portable telephones, automotive uses, etc. 
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A transflective display device usually comprises a transflector which when 
used in transmission (referred to as the "night view mode") partly transmits light from a 
backlight placed behind the display device or, when used in reflection (referred to as the 
"daytime view mode") reflects incident light. 

In the common transflectors, the reflection is approximately 65% of the incident 
hght, while only approximately 35% of the light from the backlight is passed by the 
transflector. This is at the expense of the brightness, unless a brighter light source is chosen 
wiuch requires extra energy and reduces the lifetime of the battery. An increase of the 
transmission in the "night view mode" is at the expense of brightness and contrast in the 
"daytime view mode". 
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It is, inter alia, an object of the invention to find a solution to the above- 
mentioned problem. To this end, a transflective display device according to the invention » 
characters in that a switchable mirror is arranged between the illumination device and the 
electro-opttcal material, which mirror is switchable between a transparent state and a state 
reflecting light in the direction of the layer of electro-optical material. 

A first embodiment of a transflective display device according to the invention 
» characterized in that the mirror is provided with a switchable layer comprising a trivalent 
metal which can form a hydride with hydrogen, and the switchable layer is reversibly 
switchable between a reflecting state and a transparent state by exchange of hydrogen 
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The switchable layer preferably akn , nm • 
• i • • _ y ^ rcreraD| y uso compnses magnesium which can form 

hydndes. It has been found that a reflection of at least 75* ,„h • 

;c i • , . 1 ac ieast 75% and, m some cases, of 85% to Qf)% 

is realized with such layers while th»*~ i„ w * 10 yu% 

layers, while these layers are switchable (within 1 to 10 sec) to a 

transparent state in which 80% to 90% of the licrhrict • , « 

"^«/o or the light is transmitted. If necessary, the switchahfc. 
layer is provided with a catalytically active l awr ™ ■ ■ , switchable 

na „ aH - , • Ct,Velayercom P nsin g a t ^ast one metal of the grouD of 

palladium, plannum. cobalt and nickel. P 

.ven^ 

tnfluoroacetic acid ,n symmetric collidine and cerium oxide (Ce0 2 ). 

A Pamcularly advantageous embodiment causes the switchable mirror and the 
^nation device to sw Ilch in a coupled way (for example, simultaneously) 

-cidatedw^^^ 

rererencc to the embodiments described hereinafter. 



In the drawing: 

— . whi,e H8S ' * " 2 Sh ° W ' d ' 5Play 10 * «*» 

Hg - 3 shows a wum of the switchable layer. 

m KSUreS ™ d,agCTmnatiC - d " ot *— » **; corresponding 
component are generally dcnced by the S ame reference numcrals . 



- ^'^^^^""^ctionsofapanofadisplaydevicea 

• — nemaoc „ quid ^ ^ 2 wh]ch ^ ' -» 

transparent substrates 3, 4 of; for example, glass, provided with electrodes (not shown) The 

30 m«ual,y crossed perpendtcu.arly. The de.ce a,o comprises onentadon layers Z own) 
whrch onen, the ,iauid crystal matenal on me inner walls of the substrates „ thl K 7 

ta such a way mat the cell has a twist ande of 90 r 7 me "' 

m ... . ™« angle of 90 degrees. In th.s case, the liquid crystal 

mafcna, has a postttve opucal an.so.opy and a positive dietetic anisotropy. The Zn 1 is 
bou„dedbyacellwall(„ots„ow„)orsealingedge.. 
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Tr — teteOT ^0*ewi S eno t show„)of.forexa m p, e ,rTO( i „di umti „ 
ox.de which cross each Cher ,„ .his embodiment anddef,„ e pixels a. the area of the crossings 

5 diagrammatically. The device of Fin l aim™, ■ ... - 

Hnv . k A '«otF.g.l also compnses an illumination source 11 which is 

dnven by the dnve circuit 12 v,a dnve Hnes 8, 8' shown diagrammatical* 

According to the invention, m e swi ,chable mirror 10 is present between the 
illumination source 11 and the liauid rrvcrai ™n it- 

q ld CiyStal Cel1 L 111 lts s ™Plest embodiment, the mirror 10 
compnses a transparent substrate 20 of for examolp m,^, i 
, , . example, quartz glass, a switchable layer 21 of one 

zi A sTt: r such a ™ ,e ,ayer ,s d ™ * — » 

5.65.^33. As desenbed m this paten, the layer (GdH 2 , has a mtnor-like surface after 

manufacture and is not transparent. Incident liehr 23 na. -n ,„.,• u • 

a. ■ , . „ wucni ngnt (rig. 2) which is passed by the display 

Uo yrtogen, ,t changes imo . , ight .„ sjve layer ^ ^ 

■l-unun uon source , , now pass die mirror .0 and reach the viewer 24. Said passage is 

reversible by exchange of hydrogen. 

Atomic hydrogen may be added ,0 die layer 2. in various manners, for 

>*nple from the gas phase or by means of electrochemical generation. However, use is 

« made of - electrically switchable layer. h this embodiment, die iUuminauon 
™~ U - swttched on via drive unes 8 simultaneously when the minor is rendered 
^patent via drive hnes , Simultaneously when the mirror is made non-apparent via 
*ve hnes 9. 9', die Ulumination source , . is switched off via drive Unes 8 8' 

SUChMcltt ^>'-^mirror 1 0isshow„i„Fig.3.Itcompnse S a 
a^r 2, having a dddess of about 200 nm (in this embodiment), a palladium ayer 22 h^ 

about 5 ^^' ^. SCC ° e,ectr °de 27 of transparent H^W0 3 (0 < x < 0.5) having a thickness of 

w,,e layer 21 is switchab, between a reflecung state and a transparent 1 

T1,eStaCkof,a ^ i " Fi g- 3 fi'ncuonsasfollows.melayers21and28are' 
connected to an external current source (for e„mni. ■ ™o«are 

. S0urce (tor Mam P le . incorporated in the drive unit 12) Bv 

-ang a carhodic DC current on the first electrode 21 the low hvd™ • • 

uuc - 1 - me low-hydrogen containing, mirror-like 

composition is converted into a transparent high-hydros™ r™, • 

mgn n ydiogen contaimng composition. H, W0 3 of 
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»e second decide 27 is then sin^aneousiy convened huo WOj The . |fl 

F ° rafimhCTd ^P>ionofoU,ere m bodime ntS ofthe m i m)rofFi „ 3and 

reference ,s made ,o paten, application PCT-WO 98/10329 (PHN 15 96 9) ' 
In a display device as shown in Hg. !, 2, with a mirror as shown in Rs 3 

^ may .ncrease ,o 80 10 90*. notaMy when t he palladia layer u omitted ** 

In summary, the invention relates to a display device of th*t «. 
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_ A transflective display device comprising „ electro-optica. materia. ^ , 

^ ™ -strate and a second . msparent substraK , wiIh „ ffl ~« 

Lhab, . A '™ Sfle " Piay *™ 
sw.tchable TO ,„ the ^sparen, state tr^snu.s a, leas, 40% of the Ugh, 

LhaWe A diSP ' ay **" " daimed ta daim <*~*- » that the 

2 h ^ ' S Pr ° Vided W,th 3 SW ' Khab,e « meta, which « 

md a transparent state by exchange of hydrogen. 

Lchab,e , A " nSf,eCtlVe ^ **" " Ciajmed **» 3 ' < ha ~« - the 
switchable layer also comprises magnesium. 

Lhah, ■ A diSP ' ay *** " daimed in d * n 4 ' » the 

S *.tc„ab.e mtrror ,„ the transparent state transmits at least 65% of the light. 

Itchabie , A tramf,eC,iVe ^ " daimed ^ 3 ' «™«< <■ the 
~,e ayer ,s provided with a catalytically active layer comprising at ieast one 

group of palladium, platinum, cobalt and nickel. one metal of 

Lrc-o , , A tra " Sfl£CdVe diSP ' a3 ' ^ " C,3im - ta the 

efccmwpt.cal material comprises liquid crystalline material. 
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swtchable layer with the switching of the illumination device. 
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(57) Abstract: Transflective display device having 
a transflector (10) which is switchable between a 
transparent state and a mirror-like state. Preferably a 
metal hydride optical switch is used as the transflector 
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